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SUMMARY 

i 

Boron d i f fus ion  

developed using 

were negl ig ib le  

were only 0.006 

s tudies  were performed. A process was successful ly  

a BBr source. Good output was achieved and stresses 

as demonstrated by d i f fus ing  2x6 cm s i z e  blanks t h a t  

inch th i ck .  

3 

Humidity exposure tests showed t h a t  t h e  so lder less  Ti-Ag contact on 

P/N c e l l s  i s  not humidity r e s i s t a n t .  

Cells made using an eight-hour l i thium d i f fus ion  a t  325°C have had very 

good e f f i c i enc ie s .  

t o  JPL as Lot 3 with these  d i f fus ion  parameters showed t h a t  these  c e l l s  

had t h e  highest  e f f i c i enc ie s  of any fabr ica ted  t o  date .  

I n  f a c t ,  t h e  d i s t r i b u t i o n  curve of t h e  60 c e l l s  sent  

" '  
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1.0 IIYTRODUCTION 

a 

I 

The goal  of th i s  contract  i s  t o  inves t iga te  t h e  e f f e c t  of various 

process parameters on l i thium doped s o l a r  c e l l  performance. This 

program i s  a continuation of work done on JPL contract 952247, 

and it has been organized i n t o  f i v e  areas of study. 

bas ic  areas include: P-N d i f fus ion  s tudies ,  mater ia l  s tudies ,  

l i thium di f fus ion  s tudies ,  s p e c i a l  s t r u c t u r e  s tud ies  and contact 

s tud ies .  

The f i v e  

The purpose of t h e  P-N d i f fus ion  s tudies  i s  t o  develop a boron 

d i f fus ion  which: 

e f f ic iency  l i thium c e l l s  due t o  reduced stresses and 3) can be 

used f o r  l a r g e r  area and th inner  c e l l s  ( a l s o  due t o  reduced 

1) does not e tch s i l i c o n ,  2 )  w i l l  y ie ld  higher 

stresses). 

A s  p a r t  of t h e  material s tud ies  parameters such as oxygen con- 

t e n t ,  c r y s t a l  growth rate and blank thickness w i l l  be i n v e s t i -  

gated . 
The l i thium di f fus ion  s tudies  w i l l  be directed toward improving 

c e l l  e f f ic iency  and obtaining maximum radia t ion  damage recovery. 

Radiation s tudies  conducted under JPL  contract  by other  labora- 

t o r i e s  during t h e  pas t  year have shown i n  one l imited experiment 

t h a t  long l i thium di f fus ions  done around 325°C r e s u l t  i n  higher 

e f f ic iency  and more.radiation r e s i s t a n t  l i thium c e l l s .  These 

d i f fus ion  parameters as w e l l  as t h e  process techniques of com- 

p l e t e  l i thium coverage of t h e  back c e l l  surface and l i thium 

evaporations were used i n  fabr ica t ing  t h e  c e l l s  t h a t  showed 

unusually good rad ia t ion  recovery, so  these  same parameters 

w i l l  be f u r t h e r  invest igated i n  t h i s  program i n  order t o  

determine i f  these  r e s u l t s  can be reproduced. 

The contact s tud ies  w i l l  include evaluation of t h e  Ti-Ag contacts 

present ly  used as w e l l  as inves t iga t ion  of other  contact metals 

such as Pd and Ai?# 

- 1 -  
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The spec ia l  s t ruc tu res  t o  be studied w i l l  be l i thium c e l l s  
with i n t e g r a l  covers and a l i thium c e l l  with a high concen- 

t r a t i o n  N+ region a t  t h e  junction. 

In  addi t ion  t o  t h e  experimental s tud ies ,  600 l i thium doped 

solar c e l l s  w i l l  be fabr ica ted  f o r  r ad ia t ion  t e s t i n g  and 

ana lys i s  by JPL. 

During t h i s  quarter ,  boron d i f fus ion  sources and eight-hour 

l i th ium d i f fus ions  a t  325°C were areas invest igated.  

Ti-Ag contacts  were evaluated f o r  s t rength  and humidity r e -  

s i s tance .  

The 

- 2 -  
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2.0 

2.1 

TECHNICAL DISCUSSION 

BORON DIFWSION STUDIES 

During t h i s  quar te r  t h e  boron d i f fus ion  system described i n  

t h e  previous quar te r ly  repor t  was f u r t h e r  optimized using a 

BBr source and an  oxidizing c a r r i e r  gas ambient. The vari-  

ab les  s tudied during t h i s  period included: 1) impurity f l o w  

dens i ty  along t h e  d i f fus ion  zone, 2) c a r r i e r  gas flow rates, 

and 3) d i f fus ion  time. 

respect  t o  o v e r a l l  c e l l  performance, uniformity of t h e  depos- 

i t e d  g l a s s  layer ,  uniformity of p-type conversion, and f i n a l l y  

t h e  diffused-layer  sheet r e s i s t i v i t y .  

3 

A l l  of t h e  above were evaluated i n  

Non-uniform impurity flow along t h e  d i f fus ion  zone due t o  

source ( B B r  ) deplet ion was reported i n  t h e  last quarter ,  

but was r e c t i f i e d  with a modification i n  t h e  flow pa t te rn .  

This  flow p a t t e r n  was altered by providing connections f o r  

t h e  incoming and exhausting gases a t  t h e  f r o n t  of t h e  system 

with t h e  r e a r  of t h e  d i f fus ion  tube closed. An experiment 

was then conducted i n  which a matrix of f low rates f o r  t h e  

c a r r i e r  and impurity gases was designed and d i f fus ions  were 

performed. The evaluation of t h i s  experiment w a s  based on 

t h e  sheet r e s i s t i v i t y  measurements of t h e  d i f fused  c e l l  blanks I 

3 

With these  parameters s a t i s f a c t o r i l y  control led,  various 

d i f fus ions  were then performed f o r  d i f f e r e n t  t i m e  i n t e r v a l s  

and t h e  d i f fused  c e l l  blanks were processed i n t o  completed 

s o l a r  c e l l s  by standard f ab r i ca t ion  methods. 

- 3 -  
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T h e  3 f fus ion  times producing t h e  more des i rab le  r e s u l t s  

were 10 and 85 minutes i n  length. 

I - V  curves taken i n  a tungsten l i g h t  source (100 mW/cm ) 
f o r  c e l l s  d i f fused  f o r  t hese  two respect ive t i m e  i n t e rva l s .  

The 10-minute d i f fus ion  t i m e  of Figure 1 exhib i t s  a "sof t"  

cha rac t e r i s t i c ,  but  t h e  values of t h e  Isc and Voc were t h e  

highest  achieved up t o  t h a t  t i m e  f o r  any given d i f fus ion .  

In  t h e  case of t h e  85-minute d i f fus ion  of Figure 2, t h e  

curve shape i s  of i n t e r e s t  s ince it has a good curve f a c t o r  

and most c lose ly  approximates t h e  type of cha rac t e r i s t i c  

obtained with a t y p i c a l  good P-N junct ion diffused with 

BCk although t h e  Isc and Voc values were not optimum. 

Repeat runs and s l i g h t  process modifications with these  

p a r t i c u l a r  d i f fus ion  parameters s t i l l  did not produce t h e  

des i red  improvements. The components of t he  BBr system 

were scru t in ized  f o r  an explanation of t h e  short  c i r c u i t  

current  def ic iency and poss ib le  sources of contamination 

were sought without success. Since it appeared t h a t  t h e  

boron d i f fus ions  performed i n  an oxygen atmosphere always 

had a def ic iency i n  boron source and t h e  r e su l t i ng  junct ion 

c h a r a c t e r i s t i c s  and co l l ec t ion  e f f i c i e n c i e s  were poor, it 

was decided t h a t  a new approach w a s  needed. The approach 

taken was t o  e l iminate  t h e  oxygen but t o  continue t o  u t i l i z e  

t h e  BBr source s ince  it appeared t o  be less reac t ive  with 

s i l i c o n  than t h e  standard BCkf source. 3 
I n  t h i s  new d i f fus ion  process t h e  BBr, vapor i t s e l f ,  r a t h e r  

Figures 1 and 2 are t h e  
2 

3 

3 

3 

than t h e  boron oxide (B 0 ) 
and BBr becomes t h e  l o c a l  

2 3  
3' 

J 
formed by t h e  react ion of oxygen 

impurity and r eac t s  d i r e c t l y  with 

- 4 -  
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t h e  s i l i c o n  c e l l  blanks. S i l icon  i s  replaced i n  t h e  reac t ion  

and a black boron layer  i s  deposited on t h e  c e l l  surface accord- 

ing t o  t h e  react ion,  

4BBr +3 Si+3 SiBr4+4B Eq. 1 3 

This i s  e s s e n t i a l l y  t h e  same type of reac t ion  that; t h e  standard 

BC$ process produces. 3 

In  t h e  case of t h e  BC,> process t h e  etching and simultaneous 

deposi t ion of boron on t h e  c e l l  surface causes a major problem 

of s t r e s s i n g  and of ten  t i m e s  bowing,, espec ia l ly  of large-area 

c e l l  blanks. 

3 

A s e r i e s  of preliminary d i f fus ions  was made using BBr i n  an 

i n e r t  atmosphere t o  evaluate  t h e  s t r e s s  e f f e c t s  of t h e  process. 

Both mechanically-lapped and chemically-polished s m a l l  ( 1x2 em) 

and l a rge  (2x2 em and 2x6 em) a rea  c e l l  blanks were evaluated. 

Etching of t h e  c e l l  blanks during d i f fus ion  was very s l i g h t  

and t h e r e  was no evidence of bowing even i n  t h e  la rge  2x6 cm 

blanks. Further  tes ts  showed t h a t  even i f  t h e  thickness  of 

t h e  2x6 em blanks w a s  reduced t o  0.006 inch thickness,  t h e r e  

was no not iceable  bowing. Exploratory d i f fus ions  were then 

conducted t o  evaluate t h e  process and determine optimum condi- 

t i o n s  f o r  meeting sheet r e s i s t i v i t y  requirements f o r  s o l a r  

c e l l s .  

system with c a r r i e r  and impurity gases in j ec t ed  i n  one end and 

gas exhausting a t  t h e  o the r  end of t h e  d i f fus ion  tube. 

3 

Gas flow pa t t e rns  were returned t o  t h a t  of t h e  o r i g i n a l  

With t h e  system operating i n  t h i s  configuration, c e l l  blanks 

were d i f fused  and P/N solar c e l l s  without l i thium were fabri- 

cated.  

source (100 mW/cm ) f o r  a c e l l  d i f fused  with BBr 

ambient. The c e l l  c h a r a c t e r i s t i c  ind ica tes  t h a t  a good P-N 
junct ion was obtained and t h e  I and V although not qu i t e  

optimum, were good and exhibit a s ign i f i can t  improvement over 

previous BBr diffused c e l l s .  Figure 4 i s  t h e  I - V  cha rac t e r i s t i c  

Figure 3 i l l u s t r a t e s  t h e  I - V  curve i n  a tungsten l i g h t  
2 i n  an i n e r t  3 

sc  oc’ 

3 
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e 

Y 

2 curve of t h e  same c e l l  t e s t e d  under AM0 conditions (140 mW/cm ) 
and t h e  e f f ic iency  was over 11%. 
ef f ic iency  s o l a r  c e l l  can be made from t h i s  boron source which 

appears t o  leave t h e  s i l i c o n  blanks s t ress - f ree .  

This ind ica tes  t h a t  a high 

Further  work on process optimization and l i thium c e l l  fabr ica t ion  

i s  needed; then it would be des i rab le  t o  submit some c e l l s  of 

t h i s  type t o  the  rad ia t ion  t e s t  program t o  check f o r  unusual 

recovery c h a r a c t e r i s t i c s .  

With t h e  achievement of t h e  good P/N c e l l  I - V  c h a r a c t e r i s t i c  of 

Figure 4 from di f fus ion  with BBr 

major milestone has been completed. 

i n  an i n e r t  atmosphere, a 3 

EFFECTS OF LITHIUM COVERAGE 

It has been suggested t h a t  t h e  percentage of t h e  back surface 

which i s  covered with l i thium should have an  e f f e c t  upon t h e  

rad ia t ion  recovery c h a r a c t e r i s t i c s  of l i thium c e l l s .  Cells 

fabr ica ted  by Heliotek have general ly  been painted with l i thium 

so  t h a t  t h e  l i thium source i s  always within ,010-.020 inch of 

t h e  c e l l  edge. 

t h e  c e l l  although small could r e s u l t  i n  res idua l  rad ia t ion  

damage. 

damage s i tes  and t h e  juiiction edge e f f e c t s  might degrade t h e  

c h a r a c t e r i s t i c  curve. An experiment was designed t o  evaluate 
t h e  e f f e c t  of varying t h e  area of t h i s  region and t h e  s i g n i f i -  

cance of t h i s  res idua l  damage. Lithium w a s  painted on t h e  

c e l l s  as follows: 

t h e  second, ~ 8 5 % ;  and t h e  t h i r d ,  %5O%. Both boron diffused 

s l i c e s  and undiffused s i l i c o n  blanks were l i thium diffused;  

t h e  boron diffused s l i c e s  were fabr ica ted  i n t o  c e l l s  t o  

evaluate t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  and t h e  blanks were 

used f o r  concentration p r o f i l e  analysis .  

did not a f f e c t  V/I's (a measure of t h e  s l i c e  r e s i s t i v i t y ) .  

Also, no c l e a r  cor re la t ion  could be drawn between l i thium 

coverage and e l e c t r i c a l  output. The c e l l s  from t h i s  experiment 

This undiffused region around t h e  perimeter of 

Lithium would not be present i n  t h i s  region t o  anneal 

t h e  f i rs t  group had 100% l i thium coverage; 

The undiffused regions 

- 10 - 
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w i l l  be del ivered t o  JPL f o r  rad ia t ion  t e s t i n g .  These rad ia t ion  

t e s t s  should ind ica te  whether o r  not complete l i thium coverage 

of t h e  back c e l l  surface i s  important. 

Eight hour l i thium di f fus ions  a t  325°C were invest igated during 

t h i s  quarter .  In  t h e  i n i t i a l  d i f fus ions  t h e r e  were unusually 

wide var ia t ions  i n  t h e  e l e c t r i c a l  charac te r i s t ics .  The range 

i n  '/I's (a measure of t h e  s l i c e  r e s i s t i v i t y )  was much wider 

than t h a t  normally obtained with shor te r  d i f fus ions  a t  higher  

temperatures. 

ments t h a t  t h e  

l i thium layer .  This was a l s o  abnormal s ince earlier short  t i m e  

d i f fus ion  s tudies  on t h e  previous l i thium c e l l  contract  had 

shown t h a t  decreasing t h e  thickness of t h e  l i thium layer  i n  

order t o  reduce t h e  p i t t i n g  of t h e  s i l i c o n  d id  not change t h e  

'/I ' s o r  t h e  l i thium concentration p r o f i l e  ., 

It was a l s o  observed i n  these  preliminary experi-  
V / I ' s  were af fec ted  by t h e  thickness of t h e  

In  more recent experiments t h e  eight  hour d i f fus ions  were 

improved and t h e  

they  still seem t o  be less uniform than  /I 's  of c e l l s  from 

conventional l i thium di f fus ions  made a t  higher temperatures. 

Two l i thium concentration p r o f i l e s  c h a r a c t e r i s t i c  of t h e  range 

of values t y p i c a l l y  obtained f o r  an e ight  hour d i f fus ion  a t  

325°C are shown i n  Figure 5. 
measured by t h e  sucessive lapping technique described i n  t h e  

previous contract ,  Curve A represents  c e l l s  with / I t s  ranging 

from x..55 t o  1.0 ohms and Curve B represents c e l l s  with / I ' s  

ranging from--"l.O t o  1.3 ohms. Comparison of t h i s  e ight  hour 

d i f fus ion  t o  other  l i thium di f fus ions  showed t h a t  t h e  / I ' s  

of .55 t o  1.0 ohms are i n  t h e  same range as those from a 90 
minute d i f fus ion  with 60 minutes r e d i s t r i b u t i o n  a t  425°C and 

t h e  

from a 90 minute d i f fus ion  with 120 minutes r e d i s t r i b u t i o n  a t  

425 O C .  

V / I ' s  were under much b e t t e r  cofltrol, although 
V 

The concentration p r o f i l e s  were 

V 
V 

v 

V / I ' s  from W a O  t o  1.3 ohms are i n  t h e  same range as those 

Figures 6 and 7 compare t h e  l i thium concentration 

- 11 - 
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P r o f i l e s  f o r  these  two 425°C d i f fus ions  with t h e  l i thium con- 

cent ra t ion  profi-les f o r  t h e  eight  hour d i f fus ion  a t  325°C. 

Figure 6 shows t h a t  t h e  l i thium concentration p r o f i l e  f o r  

t h e  commonly used 90 minute 425°C d i f fus ion  with 60 minutes 

r e d i s t r i b u t i o n  i s  considerably lower i n  t h e  f i r s t  .004" of 

s i l i c o n ;  however, a t  a depth of .008" t h e  l i thium concentra- 

t i o n s  f o r  both diffusions a r e  approximately t h e  same. The 

eight  hour (a t  325°C) d i f fus ion  p r o f i l e  (Curve B from Figure 1) 

shown i n  Figure 7 has a higher l i thium concentration a t  t h e  

f r o n t  and a lower l i thium concentration a t  t h e  back than t h e  

p r o f i l e  f o r  t h e  90 minute d i f fus ion  with 120 minutes red is -  

t r i b u t i o n  a t  425 "C. 

The e l e c t r i c a l  output of some of these  experimental c e l l s  

diffused e ight  hours a t  325°C w a s  exceptionally good. 

Since t h e  r e s u l t s  were encouraging and t h e  techniques seemed 

under control,  JPL requested t h a t  a Lot of 60 c e l l s  be de l iver -  

ed f o r  rad ia t ion  s tudies .  The da ta  on t h e  output of t h e  c e l l s  

f o r  Lot 3 which were diffused eight  hours a t  325°C i s  pre- 

sented i n  Section 2-5.  

2.4 EVALUATION OF TI-AG COTVI'ACTS 

During t h i s  quarter  so lder less  Ti-Ag contacts,  which are 

present ly  used on P/N l i thium c e l l s ,  were evaluated.. The 

contacts were t e s t e d  by performing w i r e  p u l l  tes ts  and by 

subjecting t h e  c e l l s  t o  humidity t e s t i n g  i n  95% r e l a t i v e  

humidity a t  65 "C. 

Pull tes ts  (i. e, ,  wires soldered t o  t h e  contact and pul led 

perpendicular t o  t h e  c e l l  surface u n t i l  f a i l u r e )  were performed 

t o  determine t h e  mechanical s t rength of t h e  contacts.  Table 1 

shows t h e  d a t a  obtained. 

contact can be calculated because t h e  majori ty  of t h e  c e l l s  

had f a i l u r e s  i n  t h e  s i l i c o n .  Eighty-one percent of t h e  

f a i l u r e s  were due to f rac tured  s i l i c o n ,  r a t h e r  than f a i l i n g  

No average p u l l  s t rength of t h e  
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TABLE 1 

Pull T e s t  - P/N Lithium Cells with Ti-Ag Contacts 

Front Back 

G r a m s  Pulled G r a m s  Pulled 

. i  

i 
i 

a! 

C e l l  No. 

6988 
6976 
6986 
7081 
6997 
7091 
70 45 
7071 
70 44 
7075 
7035 
6980 
6998A 
6998B 
6983 

350 
1-50 
700 
500 
300 
600 
250 
950 
100 
550 
700 
1000 
700 
700 
900 

- S i  Fractured 
- S i  Fractured 

- S i  Fractured 
- S i  Fractured 

- S i  Fractured 

- S i  Fractured 

- S i  Fractured 

- S i  Fractured 
- S i  Fractured 
- S i  Fractured 

400 - S i  Fractured 
1000 
1000 
450 - Si Fractured 
350 - S i  Fractured 
750 
1000 
1000 
1000 
900 
500 - S i  Fractured 
550 - S i  Fractured 
600 - S i  Fractured 
425 - S i  Fractured 

i , 
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contacts,  and f r a c t u r e s  a t  less than 500 grams accounted 

f o r  f i f t y  percent of t h e  s i l i c o n  f r a c t u r e s ,  However, i n  

a l l  cases where t h e  s i l i c o n  f r a c t u r e s  or divots  did not occur, 

p u l l  s t rengths  of grea te r  than 500 grams were obtained. It 
i s  unusual f o r  conventional N/P c e l l s  t o  have s i l i c o n  d ivots  oc 

cuI a t  these  low values, so these  r e s u l t s  give a f u r t h e r  ind i -  

cat ion of t h e  stresses present i n  P/N l i thium c e l l s .  

stress i s  presumed t o  be pr imari ly  due to t h e  boron d i f fus ion  

s ince t h e  P/N c e l l s  with no l i thium which were p u l l  tested 

a l s o  fa i led with s i l i c o n  f r a c t u r e s  general ly  a t  less than 

500 grams. 

This 

Both I - V  curves and tape  p e e l  tes ts  were used t o  evaluate 

t h e  humidity e f f e c t s  on so lder less  Ti-Ag contacts on P/N 

l i thium c e l l s .  The r e s u l t s  of t h e  t a p e  pee l  tes ts  are shown 

i n  Figure 8. Af te r  48 hours exposure t o  95% r e l a t i v e  humidity 

a t  65°C t h e r e  was e i t h e r  no peeling or i f  peeling had occurred 

it was r e s t r i c t e d  t o  l e s s  than 5% of t h e  contact area. 

-100 hours exposure, an average of 35% of the  f r o n t  contact 

peeled and some edge peeling occurred a t  t h e  back contact.  

A f t e r  approximately 200 hours exposure, t h e  f r o n t  contact 

peeled 100% and an  average of 15% of t h e  back contact peeled. 

P/N c e l l s  without l i thium exhibited s i m i l a r  r e s u l t s  The 

e l e c t r i c a l  measurements (performed i n  a 100 mW/cm tungsten 

l i g h t  source) showed t h a t  even af ter  200 hours of exposure t o  

humidity t h e  maximum degradation i n  open c i r c u i t  voltage and 

short  c i r c u i t  current f o r  any cel l  w a s  2.15; t h e  average I 

A f t e r  

2 

and 

The 
s c  

losses  f o r  a l l  c e l l s  were la$ and .83%, respectively.  

most s i g n i f i c a n t  loss f a c t o r  was near maximum power due to an 
increase i n  s e r i e s  res i s tance  and t h e  subsequent rounding out 
of t h e  knee. 

48 hours; however, t h e  average maximum power degradation af ter  

-100 and 200 hours w a s  4% and 55'0, respect ively.  Table 2 shows 

t h e  changes i n  maximum power f o r  both f l o a t  zone and crucible  

grown l i thium c e l l s  a f t e r  200 hours of humidity exposure. 

Voc 

No e l e c t r i c a l  degradation was measurable af ter  

- 17 - 
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TABLE 2 

Effects  of Humidity Exposure on t h e  
Mhximum Power of P/N Lithium Cel ls  i 

I 

> i  
! 

Maximum Power 
C e l l  and Type Before After 200 H r s .  4 % 
Crucible Grown 

1 

2 

3 
4 
5 
6 
7 
8 

9 
. 10 

11 

12 

Float  Zone 

1 

2 

3 
4 

5 
6 

17.6 

21.7 
20.3 

19.7 

22.2 

22.1 

21.2 

21.8 

21.0 

20.6 
19.9 
19.8 

17.2 

17.9 
17.2 
17.2 
18.6 
18.3 

16.2 
21-0 

20.6 
18a 3 
18.7 
210 1 

2 0 ~ 5  

20.5 

19.0 
19.0 

21.1 

20.0 

16.4 
17.0 
16.6 
16.3 
17.3 
17.5 

1.. 4 
1.0 

1.1 

2* 0 

1.0 

1.0 

-37 
07 
05 
.6 
09 
.8 

.8 

09 
-6  
09 

1 .3  
.8 

7.95 
4.50 
4.52 
9.85 
5.08 
4.52 
3.30 
3.20 

2.90 
2.40 

4.50 
4,OO 

4.66 
5.00 
3.50 
5.20 
7.00 
4.4 

i 
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The degradation i s  s ign i f i can t ,  but  not as grea t  as might 

be expected, considering t h a t  t a p e  p e e l  t es t s  af ter  200 hours 

of exposure would r e s u l t  i n  100% peeling of t h e  f r o n t  contact.  

The P/N c e l l s  without l i thium showed more degradation -- i n  

some cases 24 - 45% change i n  maximum power occurred af ter  200 

hours. 

In  summary, t h e  Ti-Ag contact on P/N l i thium c e l l s  i s  j u s t  as 

suscept ib le  t o  degradation from humidity exposure as t h e  Ti-Ag 

contact on standard N/P s o l a r  c e l l s .  I n  addi t ion,  t h e  mechan- 

i c a l  s t rength  of t h e  contacts  i s  l imited by t h e  f r a c t u r e  l e v e l  

of boron d i f fused  s i l i c o n  s l i c e s .  

2.5 CELLS FOR SHIPMENT TO JTL 

The second and t h i r d  shipments of 60 experimental c e l l s  each 

were de l ivered  t o  JPL during t h i s  quarter .  Lot 2 consis ted 

of 60 c e l l s  fabr ica ted  from 100 ohm cm Lopex s i l i con .  

c e l l s  were d i f fused  90 minutes and r ed i s t r ibu ted  120 minutes 

a t  425°C. 

current vol tage which have previously been observed with Lopex 

s i l i con .  Some c e l l s  with high outputs had not only high shor t  

c i r c u i t  cur ren ts  but  a l s o  open curcui t  voltages of 570 - 580 mV. 

Some of t h e  lower output c e l l s  had open c i r c u i t  vol tages  as 

low as 540 mV. 

dependent t o  some degree on oxygen concentration which some 

inves t iga to r s  have indicated va r i e s  considerably i n  Lopex 

s i l i c o n .  A t  any rate, Lopex s i l i c o n  seems t o  be t h e  l e a s t  

p red ic tab le  with respect  t o  t h e  l i th ium c e l l s  fabr ica ted  from , 

it. 

The 

These c e l l s  showed t h e  same va r i a t ions  i n  open 

The cause i s  s t i l l  uncertain;  it could be 

Figures 9 and 10 show t h e  short  c i r c u i t  current  and maximum 

power d i s t r i b u t i o n s  f o r  Lot 2 c e l l s .  Eighty-seven c e l l s  were 

included and t h e  average output w a s  25.4 mW. 

had outputs equal t o  or g r e a t e r  than 27.6 mW and 95% had out- 

puts  2 23.4 mW. 

10% of t h e  c e l l s  

With respect  t o  t h e  shor t  c i r c u i t  cur ren t ,  

- 20 - 
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10% were 2 70.0 mA, 90% were 2 60.4 mA, and t h e  average w a s  

64.0 mA. 

Lot 3 consis ted of 20 ohm em cruc ib le  grown c e l l s  l i th ium d i f -  

fused f o r  e ight  hours a t  325°C. A f t e r  working with these  d i f -  

fusion parameters and gaining good cont ro l  of t h e  process, 

c e l l s  with except ional ly  high shor t  c i r c u i t  currents  and out- 

puts  were obtained. The s t a t i s t i c a l  analyses of t h e  short  

c i r c u i t  current  and maximum power included only t h e  60 c e l l s  

shipped t o  JPL, s ince  a number of t h e  c e l l s  had poor I-V curve 

shapes due t o  contact shunting problems. Some of t h e  c e l l s  

with poor curve shapes e f i i b i t e d  a c a r r i e r  removal e f f e c t  i n  
t h a t  t hey  did not have except ional ly  high dark reverse cur ren ts  

a t  .7V but d id  pass high current  a t  low voltages.  

The maximum power d i s t r i b u t i o n  of t h e  60 c e l l s  i n  Lot 3 was 

narrow and high (Figure ll)e The average output w a s  30 mW, 

with 10% of t h e  c e l l s  having outputs 2 32 mW and 90% having 

outputs 2 27 mW. The shor t  c i r c u i t  current  d i s t r i b u t i o n  

(Figure 12)  was much wider with 10% of t h e  c e l l s  2 74.6 mA, 

90% 2 62.5 mA and an average shor t  c i r c u i t  of 68.6 mA. 

The t e n t h  l o t  of c e l l s  fabr ica ted  during last yea r ‘ s  l i thium 

c e l l  research contract  resu l ted  i n  t h e  bes t  d i s t r i b u t i o n  of 

c ruc ib le  grown l i th ium c e l l s .  Table 3 compares t h e  maximum 

power cumulative frequency d i s t r i b u t i o n s  a t  10, 50, and 90% 
f o r  Lot 10 on last yea r ’ s  contract  and Lot 3 on t h e  present  

contract .  The values shown are f o r  t h e  same i n t e n s i t y  a t  

AM0 equivalent sunl ight  e 

TABLE 3 
Maximum Power Cumulative Frequency Dis t r ibu t ion  

Lot 3 Lot 10 

10% 32.0 mW 30.4 mW 
50% 30.0 mW 28.3 mw 
90% 27.0 mW 26.1 mw 

- 23 - 



i 

, - ;  
i 

I 

a 

0- 
nl 

- 24 - 



8 

a3 
0 

- 25 - 



If t h e  r ad ia t ion  recovery of these  c e l l s  from Lot 3 i s  equiv- 

a l e n t  t o  previous tests,  then  a considerable improvement i n  

c e l l  e f f i c i ency  can be rea l ized  with t h i s  8 hour d i f fus ion  

a t  325 "C. 

3.0 CONCLUSIONS 

Good P/N c e l l  I - V  c h a r a c t e r i s t i c s  have been achieved by d i f -  

fus ing  with a BBr source i n  an i n e r t  atmosphere. Continued 

e f f o r t  i n  t h i s  area should r e s u l t  i n  c e l l  e f f i c i e n c i e s  as 

good as or b e t t e r  than those  obtained with t h e  BC)'. d i f fus ion  

source. An important conclusion i s  t h a t  s i l i c o n  s t r e s s i n g  

has been negl ig ib le  with t h e  BBr d i f fus ion .  Large area 

l i thium c e l l s  are now feasible due t o  t h e  reduced stresses 

associated with t h e  BBr d i f fus ion .  3 
Variations i n  l i th ium coverage do not a f f e c t  t h e  

c h a r a c t e r i s t i c  curves; however, it i s  expected t o  have an 

inf luence on r ad ia t ion  recovery. 

3 

-3 

3 

v / I t s  or I - V  

The Ti-Ag contact on P/N l i th ium c e l l s  i s  not humidity resist- 

an t  and e l e c t r i c a l  degradation does occur. 

The e ight  hour l i thium d i f fus ion  a t  325°C has resu l ted  i n  

t h e  highest  e f f i c i ency  f o r  t h e  amount of l i thium present  of 

any c e l l s  fabr ica ted  t o  date. Ef f ic ienc ies  as high have only 

been observed f o r  c e l l s  with low l i th ium concentrations.  

? 
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